
RESEARCH MEMORANDUM 

LONGITUDINAL CBARACTERBTICS OF TWO 4 7 . ~ ~  S ~ P T B A C K  

WINGS WITH ASPECT RATICE OF 5.1 AND 0.4AT 

REYNOLDS NUMEIERS UP TO 10 X 10 6 6  ,'W 

By Rein0 J. Salmi and Robert J. C a r r o S d  2 u 
Langley Aeronautical  Laboratory 0 

Langley Air Force Base, Va. z 
d 

"9 . 

t 

.fi 
t 

ts 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

WASHINGTON c 

March 30,1950 



WCA RM L5OAOk 

By R e i n 0  J. salmi asd Robed J. Carroe 

A low-peed Inverrtigatian of the lcngitudinal aerodynamic charac- 
t e r i s t ics  of a 47-70 sweptback wing was conducted in the Langley 1 F f o o t  
preseure tunnel in order t o  provide laz-cale data c m  relatively high- 
aspec-atgo  sweptback wings. The wlng featured intemhmgeable - 
t i p s  whidh prcwided aspect ra t ios  of 5.1-and 6.0 with corre6-p- 
taper  ratios of 0.383 and 0.33. Nkc~  6-0 a i r f o i l  eectians were 
emglaged normal to the 0.286 chord line. The data were obtained through 
a range of Reynold8 nunibera varying frcm approximately 1.1 X 106 
t o  10.0 X lo6 asd Mach nmbers of 0.06 to 0.25. 

The maximum lift coefficient increased sli&tly a8 t he  Reynolb 
number was increased frm 2.0 x 10 t o  8.0 X 106, where m x h a m  values 6 
of 1.19 and 1.20 were obtained for the aspect r a t i o  5.1 and 6.0 -8, 

respectively. Ihcreasing the Reynolds nuuiber to 10.0 x lo6 camed a 
decrease in msxFmLun lift which.sras attributed to cnmffressibility  effects. 
The aerodynamic centers of both m e  remained at an eseentfallg cm- 
atant  positim up t o  moderate lif't coefficients. Le- separa- 
tion near the t ipa than cawed an abrupt umtable moment break. The 
lift coefficient a t  *ch the abrupt p i t c h i n v n t  break occurred 
increased between Reynolda numbers of about 2.0 X 10 and 4.5 X 10 , 6 6 
and maximum values of approximately 0.86 and 0.82 were obtained for the 
aspect  ratio 5.1 and 6.0 w, respective-. .mthou&.a vortex tspe of 
flow w a s  &own to   ex is t  at aXL test values of the RepolaEl  nmer,  a 
stabilizing  effect of. the vortek flow was &dent crnly at the larest . 
test  Reynolds number. The maximum 1i-q rat ios  were obtained at a 
lift coefficient of about 0.25 and were approximate- 25.6 and 27.8 
f o r  the  aspect r a t i o  5.1 and 6.0 winge, respectively. 
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An investigaticm is be- conducted m a 47.70 swwptback xlng with 
aspect ratios 5.1 and 6.0 t o  provide lar-speed ~exge-acale hta m 
relatively high-mpect-4.artio eweptback win@js. Ln order t o  zndicate the 
effect of a Anvr.'l7 change in aspect ra t io  m the s t a b i l i t g  chmacteristics, 
the  aspect ratio 6.0 wlng wa8 reduced t o  an aspect ratio of 5.1 3y mean8 
of interchasgeable wing t ips.  
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MODEL 

The t~ing. had a lead-age sweep an&e of 47.70 asd Interchange- 
able wing t i p s  -ch gaxe q e c t  ratios of 5.1 and 6.0. The aspect 
r a t i o  5.1 and 6.0 had coiTesp- taper ratios of 0.383 
and 0.313, respectively. Uniform twist about the 0.286 chord line pro- 
duced 1.320 and 1.720 of washout f o r  the aspect r a t i o  5.1 and 6.0 w, 
respectively. lk both % m e s  t h e  dihedral angle was zero.  The geamstrg 
and "ions of t he  "0 plan f o r m  we presanted in figure I.. 
Standard roughness, as describd in reference I, W&S applied almg the 
entire of the aspect ra t io  5.1 a far the rou@nees tests.  5 
model mounted Fn the Tangley I+foot pressure tunnel is ahown in 
figure 2. . .  

The majority or' tes te  were made at a  tunnel  pressure of 33 p o w  
per s q w e  indh. A f em rune *re made a t  atmospheric preseure for t he  
t w o  wing .canfiguratirms for the purpose of obtaining data at a lower 
Reynolds number. llhe lift, drag, and pit- moment w e r e  measured 
through an angl-f-ttack range fram eo through the maximum lift. 
The variation of the t e e t  Mach nuniber with Repmlda  llzxmber is shown in 
figure 3. 

The effect of le-dge mug€~ness an the aerodynamic charactex- 
i ~ t i c s  w a ~  investigated for the 'aspect ra t io  5.1 wdng at ResnolaS 
numbers of 3.0 x 10 and 6.0 x lo6. Visual observations of the flaw 
patterm were made by meage of t u f t s  attached to the upper surface 
of the w3ng. The tuft studies were made a t  Reynolda nlllllf3ers of 
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about 2 .O X lo6 (aspect 
ratios 5.1 and 6.0). 

ratio 5.1) and approxbatelg 6.0 x lob (aspect 
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CoHREerIOmS TO DATA . 

The lift, drag, and p i t  

effects. 

The jet4omda.q correctians t o  the angle of attack and dra& coef- 
f icient were based on the method of reference 2 and are a6 followe: 

Correcticmtr t o  the pitching moment due t o  tunnel--induced d ie to r t i an  
of t he  span lo-g w e  w e  a8 f ollox8.: 

r I I 1 

I 1 A = 5.1 A = 6.0 
I 

bs, 0.008CL 0. o&c, 

Corrections w-ere a lso  made for wake blockage effects. All correc- 
tians were added t o  the data. 

man the w s i e  presented- tn reference 3, a w ~ n g  of 47.70 sweop 
back and an a q e c t  ra t io  of either 5.1 or 6.0 mag be expected t o  exhibit  
instability in the  high-llftrcaefficiant range. Figures 4 and 5 show. 
that the expected  stability occurred far both the aspect ra t io  5.1 
a;nd 6.0  in@;^ at  moderate lift coefficients. 

The abrupt metable moment break can be attributed t o  sepaz-atian 
nem the  tips. Figure 6 M i c a t e a  the preaence af _spanwise cross fl" 
prior t o  the initial separatian. As the angle of attack wa8 increased, 
the S&pazation spread inboard and the p.itching mcment remained u n s t a b l e  

. 
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unti l  a point was reached where the inboard sections began t o  lose lift; 
and, a~ shown by the plota  of y1tcMn.g moment agaimt angle of a t tack-  
(figs. 4 and 51, t he  slope of the momazt curve becams negahive, thus 
LndicatFng s tabi l i ty  at the masimam lift;. Some of the curve8 of pitching 
mcansnt a g a b s t  angle of attack f o r  the high Reynolds nw&ers =re not 
obtained because the forces exceeded the limits of -the balance aystem. 

fiam the l-ag p o l q 8  of figure8 4 Etnd 5, it can be seen that 
a  rapid  increase in  the drag coefficient  coincided wfth the lift coef- 
f icient at which the  instability occurred. 

AS shown in figures. 4 and 5 ,  the pitc-nt curves were 
linear in the range of lift coefficients below the inf‘lecticm point in  
the range of R e p o l d s  numbers frcm 2.0 x 106 t o  10.1 x IO6. The cdcu- 
lated  location of the aerodi-c center, determfned by the method of 
reference 4, -8 in good agreement with the meamred va3ues in the low 
lift range. The following table campasee the measured and calculated 
locations of the aerodynamic center in percent mean aerodynamic chord: 

6.0 

calc”&& 

30.3 

340 7 t Egperfmantal I 

30.8 

34.8 

32 -5 

37.5 

It is interestin@; to note  that the pitc-t curve  obtained 
at  a Reynolds number of about 1.10 x lo6 exhibited a n  increase ln sta- 
b i l i t y  p r io r  t o  the unstable %re&. In references 5 and 6 simiLar 
moment curves for mptback were obtained, and the  increase Fn 
stabil i ty was attributed t o  the effects of vortex flow an the upper 
surface of the -6. 

A survey of the air flow over the  present wing waa made at a 
Reynolds rimer of about 1.10 x 106 using a slender probe wfth a s i n g l e  
wool tuft. The m e y  showed that a vortex flow developed at an.angle 
of attack wfifch corresponded to the angle of attack  at  &ich  the  increase 
in s tabi l i ty  occurred. The vortex appemed t o  OrigFnate at the apex of 
the wing, .sweep back a t  an angle slightly greater than t h e  le-e 
sweep angle, and f3-y turn back In to  the stream direction near t h e  
t i p .  A s  the angle of attack waa Fncreased, the point& which the 
vortex  turned back toward the etream direction shif’ted inboard and the 
portion of the t i p  outbomd of the vortex was Ob80rPed. t o  be stalled. 
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The pitchin-t curves of figure 4(b) do not  exhibit the 
increase in stabil i ty at Rsynolds n d e r e  tn'excess of 1.10 x 106. Probo 
surveys made at a Reynoldr! llUDiber of about 3.98 x lo6 revealed that the 
development of the vortex flar WEIB delayed t o  a imzch greater angle of 
attack than at the lower Reynolde nuzriber. The delay in &e developmnt 
of the vortex flow due to kcreas- Reynolds mniber was a l e o  observed 
in references 5 and 6. It was observed that as the angle of attack was 
increased the t f p  e t a l l i n g  occurred before the vortex flow b e c m  
evident. The mey a l s o  fndicated,that_when.the vortex flow developed 
at the higher Reynolds number, it turned into the etrem direction at 
a wing statim cansidsra;bly inboard of t he  tipe. 

Lift Characterfstics 

Maximum lift coefficients o f  1 .lg asd 1.20 were obtained at a 
Reynolds ntrmber of about 8.0 x lo6 for the aspect ra t io  5.1 and 6.0 
w e ,  respectively. Figure 7 shows that the lift coefficinnts 
increased  Brightly with increasing Reynold i  lLulziber in the range of Regnalde 

n~miber~ from a%out 2 .O X IO6 t o  8.0 X IO6.  A decrease in "ri, occurred 

When the Reynolds m e r .  was Fncreaeed to about 10.0 X I_&. The dccroase 

. . 

-. 

in be attributed t o  the effects of cmpressibility euch a8 

described in reference 7. 

Figure 7 s h m  that a l a rge  increme In the  inflection l i f t  coef- 
ficient occurred when the Regnolde mber m e  increased fram 
about 2.0 x IO6 t o  4.5 x 106, The eepwatian ne= the t ip8  mag have 
been delayed t o  higher m e s  of attack by a reductim is the epanwi~le 
croas flow, a8 indicated in figure 6 ,  in additim t o  a n o m  scale effuct 
un the w e  of stall. 

The lift-curve dopes at low angles of attack m e  0.- and 0.062 
f o r  the w p c t  r a t i o  3.1 and 6.0 a g a ,  respectively. Calculated vauee 
of the lift-urve elope based m the Weissinger method ( r e f e r e m e  4) 
w e r e  0.057 and 0.059 for the aspect r a t i o  5.1 and 6.0 wings, reepoctivdy. 

L i f e a g  Ra t io  
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the  as  ect r a t i o  5.1 and 6.0 wings, respectively. The relative  increase 
in I$ for the aspect ra t io  6 wtng became der a6 the lift coeff i- 
ciant w&8 increased above 0.25 and became zero at a lift coefficient 
of about 0.8. 

The effects of leadirqpedge  ro~43bnes~ a the aerodynamic charac- 
te r i s t ics  of the aspect ra t io  5.1 a axe shown a figure 9. Roughness 
decreased the maximum llft coefficient about 0.06 a t  a Re;gnolda nuniber 
of 6.0 x lo6 and approx3mately 0.03 at a Reynolds rimer of 3.0 x 10 6 . 
The lift-curve slopes were unaffected by roughness. 

Flgure g(b)  ahowe that t he  roughnees cawed a canaiderable reduc- 
t ion in the inflection Urt caefficient  at a Reynolds nmber of 
about 6.0 X 10 but had a negligible  effect at a Reyno lds  number 
of 3.0 x 106. The effect of the rarghnesa is eimil~cr t o  the effect of 
a low ReynoliFB number in that the energy of the turbulent boundmy 
layer is reduced sild se-paratim may occur at  a lower anae  of attack. 

6 

A t  a Reyn0ld.e number of 6.0 x 10 , the pitc-t curves were 6 
lineax up t o  the Mlecticm Uft coefficient  for both the smooth and 
rough configuratiane. The aerodynamic canter shifted fmward about 
2.3 percent mean aerodynamic  chord, however, wfien the  roughness w a s  
added. A forward movamazit of the aerodynamic center due t o  roughness 
was also a;pparent a t  the l m r  Regnolde number in that the slope of the 
moment curve gradually decreased. 

From figure 9 it can be seen that the effect6 of roug3mess on the 
drag r i s e  correspond with  the  effects on the unstable momtmt break. 
The drag r i s e  occurred a t  a mch lower lift coefficient f o r  the rou& 
condition a t  a R e p o l d a  nuznber of 6.0 X 10 but was little dfec ted  at 6 

a Reynold6 llundber of 3.0 X lo6. 

The results of an inveetlgatim of a 47.70 eweptback wing, for 
which aspect ratios of 5.1 and 6..0 were obtained by mane of intez- 
changeable tip, are mmmrized  ae follows: 

1. Maxfmum lift coefficiante of 1.19 and 1.20 were obtaFned for  
the  mpect r a t i o  5.1 and 6.0 wings, respectively. The maximmt lift 
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coeff ic ients  increased slightly between Reynoldf.nuniber8 of 2.0 X 10 
asd 8.0 X 106 and decreased betwean Reynolds lumibers of 8.0 X 106 
and 10.0 x lo6. 
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2. The aerodynamic centers of both xin@;s rematned at an essentially 
con+rtant positiopl up t o  m0a"te l i f t  cOeffici*ts. haainp-eage 
eeparatian near the tipe than  caused an abrupt unstable break. 
A laxge Increase -Ln the Fnflecticm l i f t  coefficient (llat coefficient 
at nhich  abrupt pitchin-t brealr occure)  occurred between Regnolde 
number8 of about 2.0 X lo6 and 4.5 X 106. MaxFmLrm. values of the Inflec- 
tion lift coeff ic ients  f o r  t h e  w p c t   r a t i o  5.1 and 6.0 were 
approxlmatew 0.86 and 0.82, respectively. 

3. A vortex flow was ahown t o  exist an the whg. The vortex flow 
affected the pitch-t characteristics,at a Reynold8 number of 
about 1.10 X 106 but i t s  effect8 were minimized by tip s t m  at the 
higher Reynolds nunibers. 

4. The maximmliftilrag ra t io8  were obtained at a l i f t  coefficient 
-of about 0.25 and were approximately 25.6 and 27.8 for the aepect 
ratio 5.1 and 6.0 wfngs, respectively. 

.. . 

Lanaey Aeranautical  Laboratorg 
National AdviBorg Committee f o r  Aeronairtics 

Langley A i r  Force Baae, Va. 
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Figure 1.- Geometry of the 47.'7' sweptback wings with a a p c t  ratioe 
of 5.1 and 6.0. 



Figure 2.- The 47.70 sweptback wing of aspect ratio 5.1 m o u n t e d  ih the 
Langley 19-foot preasure tunnel. 





I I I * 

M 

.3 

.2 

.I 

0 

0 2 4 6 
R 

8 IO 

1 
f 2 X d  

Figure 3,- Variation of Mach number with Reynold6 d e r  for the Kings o f  47.7O sxeepback and aspect 
ratios of 5.1 and 6.0 .  
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(a)  CL plotted against a. 

Figure 4.- Effects of Reynolds number on the aerodyDamic characteristics of a 47.7' aweptback wing of 
aspect ratio 5.1. 
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(b) CL and a plotted against Cm. 

Figure 4.- Continued. I" ul 
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(c) CL plotted again& CD. 

Figure 4.- Concluded. 
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(a) cL plotted against a. 

Figure 5 . -  Effects of Reynold6 number on the aeroaynamic characteristics of a 47.7' sweptbback wing o f  
aspect ratio 6.0. 

5 



. . .. . .  . . . . . . . 

(b) CL and u plotted against C,. 

Figure 5.- Continued. 
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Figure 6. - Sta l l i ng   cha rac t e r i a t i c s  of the 47.7O sweptback winge with  
aspect ratios of 5.1 and 6.0. 
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Figure 7.- Variation of the maximum lift  coefficient and the  inflection 
lift  coefficient w i t h  Reynolds rider for two 47.7" sweptback wings 
of aspect ratios 5.1 and 6.0. 
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Figure 8.- Lift-drag ratios of two 47.7O sweptback  wing^ of aspect 
r a t i o s  5.1 and 6.0 at Reynolds numbers of 6,030,000 and 5,8x),OOO, 
respectively. 
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Figure 9.- Continued. 
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(c)  cL plotted W n s t  CD. 

Figure 9.- Concluded. 
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